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ABSTRACT 
The purposes of this study were: to investigate the influence 
of dietary calcium, dietary phosphorus, and their ratios as observed 
in vegetarian and non�vegetarian subjects on their bone densities and 
to compare bone density, the dietary intakes of calcium and of phos­
phorus, and the ratio of calcium to phosphorus in vegetarian and non­
vegetarian subjects. 
After obtaining informed consent, data were collected on 43 
vegetarian and 36 non-vegetarian women, 40 to 92 years old, who con­
sumed self-selected diets. Dietary information was obtained from 
7-day dietary records. Dietary supplements were also recorded. 
Measurements of height, weight, and bone density of the radius, 
ulna, and finger were made. 
Nutrient intakes were calculated by computer using food com­
position values from U.S.D.A. Handbook Nos. 456 and 8 and information 
obtained from Worthington and Loma Linda Foods. Bone density values of 
the radius and ulna were obtained using a bone mineral analyzer 
developed by Norland-Cameron Company. A bone densitometer developed 
by t�e Department of Nutrition, The University of Tennessee, was 
used to determine bone density of the finger (left phalanx 5-2). 
The mean age of 57.1 years in the vegetarian group (Veg) was 
not significantly different from that of 58.8 years in the non-vege� 
tarian group (Non-veg) (P>0.05). There was no significant difference 
in weight (Ve_g = 137. 7 lb; Non-veg= 141.6 lb) and in.height (Veg= 
63.5 in; Non-veg = 63 .. 5 in) between groups· (-P>0-�05). Mean values for 
iii 
height and weight were not s i gni fi cantly different betwee,n the· V�g and 
Non-veg groups when adjusted for the mean age of both groups {57.9 
years). There was a significant decrease in height with age but not 
I 
I 
weight with age in both groups. The differences in decreased height 
with age between groups was not statistically significant. 
iv 
The mean calcium and phosphorus intakes from food (Ca = 1017 mg; 
P = 1325 mg) and from food plus supplements (Ca = 1106 mg; P = 1346 mg) 
in the Veg group surpassed the RDA. In the Non-veg group, the phosphorus 
intakes from food (1114 mg) and from food plus supplements (1131 mg) 
were·greater than the RDA. The RDA for calcium was also met from food 
plus supplements (838 mg) but not from food alone (784 mg) in the Non­
veg group. There was a tendency for a decrease in calcium and phosphorus 
intakes with age in both groups. When the intakes were either adjusted 
or unadjusted for age, the Veg group generally consumed significantly 
greater amounts of calci�m and phosphorus from food alone and from 
food plus supplements than did the Non-veg group. The calcium to phos­
phorus ratios from food (Veg = 0.74; Non-veg = 0.70) and from food plus 
supplements (Veg = 0. 78; Non-v!eg = 0. 72) unadjusted and adjusted for 
age were not significantly different between groups. �o �ignificant 
relationship between the calcium to phosphorus ratio an.d age in both 
groups was obtained. 
There was no significant difference in the mean bone density 
measurements of the radius, ulna, and finger between the Veg and Non­
veg groups unadjusted and adjusted for the mean age of both groups. 
A highly significant negative correlation between bone densities of 
the radius, ulna, ·and finger and age was obtained (P<0.0005). There 
was no significant difference in the slopes of the regression.lines 
of bone density of the radius on age between Veg and Non-veg groups� 
In both·the Veg and Non-veg groups, there was a significant 
positive correlation between bone density of the radius and height, 
and also between bone density of the radius and weight. However, 
when adjusted for age,.these correlations were not statistically 
significant. There were also no significant differences in the slopes 
of the regression lines of bone density on height and bone density on 
weight between Veg and Non-veg groups unadjusted and adjusted for age. 
In the Veg group, the phosphorus intake from food alone was 
positively related to bone density of the radius. Regression coeffi­
cients on other nutrient intakes were nonsignificant in the Veg group. 
In the Non-veg group, there was a significant positive relationship 
between bone density and the fntakes of calcium and phosphorus from 
food and also the intakes of calcium, phosphorus, and their ratio 
from food plus supplements. When adjusted for the influence of age, 
however, there was no significant correlation between bone density of 
the radius and each of the nutrient intakes of both groups. The slopes 
of the regression lines for bone density on the calcium intake and the 
calcium to phosphorus ratio from food plus supplements were signifi­
cantly different between groups. There were no significant differences 
between any of the regression lines of bone density on nutrient intake 
between Veg and Non-veg groups adjusted for age. 
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It has been said that ostea�orosis, or the severe loss of bone 
mass, is.inevitable with advancing age (1). · However, it is possible 
that environ.mental manipulation, including that of diet, cauld retard 
the rate at which bone loss occurs. 
Numerous factors have been associated with the developmen�. of 
osteoporosis, but 2 of the most promising fields of research may 
be that of vegetarianism and the ratio of calcium to phosphorus in 
�he diet. To date,.most of the studies reported in the literature 
concerning the influence of the ratio of calcium and phosphorus in 
the diet of humans on bone loss have been done on omnivores. Recently, 
how�ver, there have been a few studies conducted with vegetarians as 
subjects. 
The purposes of this study were: to investigate the influence 
of dietary calcium, dietary phosphorus, and their ratios as observed 
in vegetarian and non�vegetarian subjects on their bone densities and 
to compare bone density, the dietary intakes of calcium and of phos­




REVIEW OF LITERATURE 
Bone Loss 
Osteoporosis is characterized by the loss of both inorganic. 
and organic constituents from the bone (1). Such a loss in adult 
humans and experimental animals is a well documented phenomenon of 
the aging process (1, 2, 3, 4, 5). Numerous studies have shown that 
in.humans the absolute amount of bone increases during childhood and 
adolescence but decreases by the fifth dec�de (1, 2, 3, 6). 
The progressive decrease in bone with aging occurs in both 
sexes but is more pronounced in women than in.men (1, 2, 3, 7). 
Garn et al. (2) reported that bone loss in females approximates. 
8 percent per decade but in males only 3 percent per decade. The 
earlier onset of bone loss in women, as opposed to men, has been 
reported by Newton-John and Morgan (7). They stated.that the decrease 
in bone density begins at,approximately 35 to 45 years of age in women 
and about 45 to 65 years of age in men. The leveling off of the rate 
of bone loss in late life is not seen in females as it is in males (2). 
The universality of bone loss with age is widely accepted, 
although differences in population groups,have been reported. In 
studies of 3 Central American countries and of 2 dis�tn-ct popu-
. lations from the United States, no differences were detected in bone 
loss. Mazess and Mather (8) however, ·have reported that bone loss 
began at an .early age in the North Alaskan Eskimos and occurred·at 
an elevated rate. 
2 
Interrelationships of Calcium, Phosphorus, and Bone Density 
The interrelationships of calcium intake, calcium metabolism, 
bone density, and bone metabolism are widely accepted. This ·is due 
3 
to the·tremendous amount of body calcium found in bone (9). Numerous 
investigations also support the interrelationships. Nordin (10) and 
Caniggia (11) have proposed that osteoporosis is due to long-continued 
negative calcium balance in those who require abnormally high calcium 
intakes, or those who are unable to adapt to decreased intakes. Nordin 
(12) also suggested that this causes a removal of mineral from the bone, 
reducing bone mass. It has been reported that osteoporotic patients 
have moved from negative to strongly sustained positive balance when 
given calcium supplements (10). Harrison et al. (13) observed that 
osteoporotic patients respond to a high calcium intake by increased· 
retention of calcium. Mason et al. (6) reported that a low calcium 
intake is associated with low bone density. 
Other investigations have indicated that there is no relation­
ship between calcium deficiency and bone losso Garn et al. (2) found 
that a low calcium intake is not associated with a low.bone density 
and that a high calcium intake is not related to a high.bone density. 
It has also been reported that rats can adapt to a decreased intake 
of calcium (14). Dudl et al. (15) found no change in the accelerated 
bone turnover qf osteoporotic patients after 1 year of calcium 
infusions. It was also found that the loss of total body calcium in 
treated and untreated osteoporotics was_similar. 
It has been demonstrated that a high phosphorus diet leads to 
bone loss. Jowsey and Balasubramaniam (16) showed that phosphate 
4 
supplementation resulted in increased porosity of the bone in adult 
rabbits. Increased.bone resorption was also found· in chi�ks fed high 
phosphate diets (17). These findings were supported by studies in 
dogs· (l8), 1n ponies (19), in horses (20)� ·and in cats (21). 
Numerous studies have indicated.that it is not only the absolute 
amounts of dietary calcium and phosphorus which have an influence on 
bone density but the dietary ratio of the 2 elements as well.� Shah. 
et.al. (22) reported that a dietary calcium to phosphorus,ratio of 
2: 1 resulted in a significantly greater femoral cortex thickness and 
mineral content than that of a 1: 1 ratio in adult mice. Rats fed.a 
diet of 0. 6 percent calcium and 1. 2 percent or 1. 8 percent phosphorus 
showed a significantly lower calcium, phosphorus, and ash content of 
the femurs, lumbar vertebrae, and mandibles than those fed lower levels 
of phosphorus-and the same amount · of calcium (23). This corroborates 
other studies by Krishnarao and Draper (24) which showed that the 
calcium, phosphorus, and ash content, and breaking load of,the femurs 
were lower in mice fed a calcium to phosphorus ratio of 1: 1 than in 
those fed a 2: 1 ratio in the diet. It has also been reported that rats 
which.consumed a diet of 1.2 percent phosphorus and 1.2 percent calcium 
. .  
showed a lower content of.calcium, phosphorus, and organic matter 
of the femur than those who were fed a diet of 0.6 percent phosphorus 
and 1. 2,percent calcium (25). 
It has been proposed by Krock et al. (21, 26, 27) that a defi­
ciency of dietary calcium and/or an excess of dietary phosphorus 
increases.bone resorption due to secondary hyperparathyroidism resulting 
from the decreased serum calcium concentration associated �ith excess 
5 
serum ph0sphate. Krook ( 27} further- propose-d- ·that thfs. dietary induced 
hyperparathyroidism results in osteoporosis which is initi'ally mani-
- fested in excessive alveolar resorption of the jaw bone resulting in 
peri don ta l disease . .. 
Numerous investigations support the proposal that a low calcium 
... to phosphorus ratio in the diet leads t0 hyp0calcemia which induces 
.. bone resorption by its effect on the parathyroid gland. A loss of 
bone in adult rats fed a 1:1 calcium to phosphorus ratio in the diet 
was· not.found·in parathyroidectomized rats in contrast to intact rats 
(25). Kelly et al. (28) found a significant positive correlation 
between serum phosphate concentration and the level of bone resorption 
in osteoporotic human subjects. An increase in serum parathyroid 
hormone has been reportedly initiated by a small decrease in total· 
and ionized. calcium as a result.of phosphate administration in ·man (29). 
LaFlamrne and Jowsey (18) have reported increased serum parathyroid 
hormone levels and loss 0f bone from the terminal ulna and iliac crest 
bone in adult dogs fed phosphate supplemented diets. Schryver et al. 
(19) found decreased plasma calcium concentration and increased bone 
turnover in ponies fed 0. 4 percent calcium and 1. 2 percent ph0sphorus. 
Similar findings have been reported in horses (20). Ten-Lin et al. 
(30) recently reported·that a high phosphorus intake resulted in a 
decreased concentration of plasma calcium in adult rats, but the level 
remained within normal range. However, an .increase in serum phosphate 
concentration and/or a decrease in serum calcium concentration as·a 
result of a low calcium to phosphorus ratio in the diet was not detected 
.·in rats by either Draper et al. (23), Clark (31), or Newell and 
Beauchene (32) or in dogs by LaFlamme and Jowsey (18). 
Vegetarian Diets 
Although vegetarianism has been practiced.since the beginning 
of man, there has been a recent upsurge in the number of individuals 
.. who·subscribe to vegetarian diets (33, 34, 35}. Numerous studies 
have shown no detrimental effects of vegetarian diets on the health 
and nutritional status of vegetarians. No significant difference 
has been found in the incidence of disease in vegans and omnivores 
(36, 37). In a review of the literature on vegan diets, Kurtha and 
Ellis (38) reported that except for a deficiency of Vitamin B12, 
vegan diets met the nutritional requirements and maintained the 
health of adult vegans as indicated by hematological, biochemical, 
6 
and clinical studies. Findings by Hardinge and Stare (39) are similar. 
A vegetarian diet, supplemented with dairy products, with or 
without eggs, is considered to be nutritionally adequate for all ages 
(40, 41). Hardinge and,Crooks (40) found a greater consumption of 
milk in ovo-lacto-vegetarians than in non-vegetarians. Similar 
findings were also reported for both milk and cheese (39). 
Studies differ as to the reported intake of calcium and 
phosphorus for vegetarians. Hardinge and Stare (39} reported daily 
intakes of 1600 mg and 1800 mg for calcium and phosphorus, respectively, 
in ovo-lacto-vegetarians and a 1000 mg calcium and 1600 mg phosphorus 
intake in non-vegetarians. These intakes exceeded the Reco0111ended 
Dietary Allowances of 800 mg of calcium and of phosphorus in adults 
(42). In vegetarian adult men, Mirone (43) reported intakes 
of 670 mg of calcium and 1460 mg of phosphorus during the winter 
.months with comparable figures during the summer months being 1250 
. . I 
7 
.mg and 1640 mg, respectively. Brown and Bergen {34) reported a calcium 
intake of 455 mg and a.phosphorus intake of 988 mg in vegetarian women· 
23 to 55 years of age. 
Dietary intake data indicate a higher calcium to phosphorus 
ratio in vegetarians than in non-vegetarians. Calculations show a 
calcium to phosphorus ratio of 0.889 in ovo-lacto-vegetarians and a 
·ratio of 0.625 in non-vegetarians. Ratios of·0.78 {43) and 1:1.2 {34) 
for vegetarians were obtained in similar studies. Henrikson {44) cited 
a calcium to phosphorus ratio of 1:2. 8 for the average American diet. 
The literature is not abundant in investigations on the effect· 
of vegetarian diets on bone density of humans. Ellis_ et al. {45) 
reported that the bone density of vegetarians was significantly 
greater than that of matched omnivores, and further, that the decrease 
in bone density with age was not as pronounced in vegetarians as in 
non-vegetarians. However, the conclusions of the study have been 
questioned {46, 47). 
CHAPTER III 
EXPERIMENTAL PROCEDURE 
Selection of Subjects 
The subjects of this study were 43 vegetarian and 36 non­
vegetarian women, 40 to 92 years old. Vegetarian subjects were 
recruited through Seventh-Day Adventist Churches in Knoxville and 
Collegedale, Tennesseeo Non-vegetarians were primarily recruited 
through the Church of Jesus Christ of Latter Day Saints, Knoxville, 
Tennessee. All subjects were contacted by telephone or in persop 
by project workers and asked to participate on· -a voluntary basis. 
Details of the research.were explained to the subjects and.consent 
forms (Appendix) were signed by all subjects before they were allowed 
to participate. Data were collected during the months of March 
through June of 1976. 
Collection of Dietary Infonnation 
Dietary information was obtained from 7-day dietary records 
(Appendix) and dietary histories (Appendix). Oral and written 
instructions (Appendix) for measuring and recording food portions 
eaten were given. Measuring spoons, measuring cups, and plastic 
rulers were provided for each subject. Dietary histories and 7-day 
dietary records were returned personally or.by mail. 
Food portions recorded in the 7-day dietary records were 
summarized and coded. The quantity of food items eaten was con­
verted to g'rams using food composition values from U.S.D.A. Handbook 
8 
9 
Nos. 456 (48) and 8 (49). Nutrient composition of Worthington and 
Loma Linda foods was obtained from the manufacturers .and code numbers 
were assigned. Code numbers and weights �ere transferred·to data 
cards and the:average daily intakes of selected nutrients were computer 
calculated using values from U.S.D.A. Handbook No. 8 (49). Nutrients 
from vitamin.and mineral supplements were added manually. 
Bone Density Measurements 
Bone density scans were taken of a central pathway of the left 
phalanx 5-2 using the bone densitometer developed by the Department 
of Nutrition, University of Tennessee (50). Due to the elliptical 
shape of the bone and flesh, anteroposterior and lateral scans were 
made for calculation of the bone density. Bone density was expressed 
as X-ray equivalent grams of alloy per cubic centimeter of bone. The 
method has been fully described by Williams and Mason.(�1}. 
Bone density measurements of the radius and ulna were made using 
. . - - * a bone mineral analyzer developed by Norlana�cameron_.C.Q�eany. 
Anthropometric Measurements 
At the time of bone density scanning, height and weight measure­
ments were made on the women while wearing light clothing and with shoes 
removed. 
Bone·Mineral Analyzer Model #178. 
10 
Statistical Analysis 
Means and standard error were calculated using the Statistical 
Analysis System developed by Barr and Goodnight (52). The unpaired t 
test was used to determine significant differences of the mean nutrient 
intakes and physical parameters between vegetarian and non-vegetarian 
groups (53). Analyses of covariance were made to determine the means 
adjusted for age and F values were calculated to.determine significance 
of difference between the vegetarian and non-vegetarian groups. 
Regression analysis was used to determine the regression coeffi­
cients of bone densities and nutrient intakes on age and also bone 
density of the radius on nutrient intakes. Partial regression analysis 
was used to calculate the regression coefficients of the bone density 
of the radius on nutrient intake adjusted for age. Analyses of variance 
were made. F values were used to determine whether bone densities and 
nutrient intakes were significantly related to age and whether bone 
density of the radius was related to nutrient intake (52). The test 
for homogeneity of regression was used to test the difference between 




The mean values for physical measurements of vegetarian and non­
vegetarian subjects are presented in Table 1. The vegetarian group, 
hereafter designated Veg, had a mean age of 57.l years and ranged in 
age from 40 to·92 years. The non-vegetarian group, hereafter desig­
nated Non-veg, ranged in age from 40 to 91 years and had a mean age 
of 58.8 years which did not differ significantly from that of the Veg 
group {P>0.05). 
The mean weight of 137.7 lb in the Veg group did not.differ 
significantly from that of 141.6 lb in the Non-veg group {P>0.05). 
There was also no difference in height {Veg = 63.5 in; Non-veg = 63.5 in) 
between groups. When adjusted for age {mean age of both groups = 57.9 
years), the differences between weight {Veg = 137.3 lb; Non-veg 142.l lb) 
and height {Veg= 63.4 lb; Non-veg = 63.6 lb) between the Veg and Non­
veg groups were not statistically significant {Table 2). In the Non-
veg group, there was a tendency for a decrease in height and weight 
per decade as indicated in Table 3. A tendency for a decrease in 
height and weight with age was noted in the Veg group after the fifth 
decade. When calculated by regression analysis, there was a significant 
decr�ase in height with age in both the Veg and Non-veg groups {Table 4). 
The decrease in weight with age in both groups was not statistically 
. . 
significant. The differences between the slopes of the regression lines 
. -
for height and age and also weight and age between groups were nonsig-
nificant. 





Radius ( g/s;m2) 
Ulna (g/cm£) 
Finger ( g/cc) 
Nutrient Intakes 
Food 
Cal d um (mg) 
Phosphorus (mg) 
Ca: P Ratio 
Food Plus Supplements 
Ca 1 ci um (mg) 
P�esphe.�s. (mg) . . . 
Ca: P Ratio - · · .. 
TABLE 1 
MEAN VALUES OF PHYSICAL MEASUREMENTS AND NUTRIENT INTAKES OF 




57 .1 ±2. 02 






















1131±45 .. O. 72±9 ·• fl3 
1co"1)arisons of vegetarians and non-vegetarians; Sign., P<0.05; N.S., P>0.05. 
2values expressed as mean ± SE. 



















TABLE 2 .... 
MEAN BONE DENSITY VALUES AND NUTRIENT INTAKE_S _OF VEGETARIAN AND 
NON-VEGETARIAN SUBJECTS ADJUSTED FOR AGE l � · 
Vegetarians Hen-Vegetarians 
. (N=43) . (N=3f;-) 
Weight (lb) 1.37.3 142. l 
Height (in) 63.4 63.6 
Bone Density 
Radius (g/�m
2) 0.683 0.67 Ulna- (g/cm ) 0.69 0.69 
Finger (g/cc) 1.11 1.19 
Nutrient Intakes 
Food 
Calcium (mg) 1011 790 
Phosphorus (mg) 1320 1121 
Ca: P Ratio . o. 74 0.70 
Food Plus Supplements: 
Ca lei um (mg) 1099 846 .. 
. ·· Phosphorus (mg) .. 1340 1138 
.C�: P Ratio 0.78 Q .• 72' 
-
1Mean age of both groups was 57.9 years. 
2camparisens of -V-e§eta-rians and non-vegetarjans; Sign., P<0.05; N.S. P>0.05. 
3N = 23. 




























Ca: P Ratio 
Foad Plus Supplements 
Ca lei um ( mg ) - . 
Phosphorus (mg) 
Ca: P Ra.fie 
1 -N - 6 
2N = 8 
3N = 5 
4N = 4 
TABLE 3 
PHYSICAL MEASUREMENTS AND NUTRIENT INTAKES OF VEGETARIAN 
AND NON-VEGETARIAN. SUBJECTS-· BY AGE··IN DECADES . . 
40-49 Yrs 50-59 Yrs 60-69 Yrs· 
V!g- Nen-veg Veg Nan-veg Veg �en-veg 
N=l3. N=S N=14 N=12 N=l'O N·=8. 
44.8 43.0 53.2 55.0 64.3 65.8 
139.0 149. 1 143.9 145.2 132.6 139.0 
64.1 65. 1 64.2 64.4 62.5 62.1 
0. 75. o. 76 0.72 0.70 0.60 0.64 
0.771 0.76 0.762 0.74 0.633 0.65 
1.26 1.30 1.21 1.28 1.00 1.09 
1173 869 1100 771 886 757 
1508 1177 1362 1107 1216· 1121 
0.77 0.72 · 0.75 · 0.68 0.71 0.67-
1198 1086 1238 · 771 1044 762 
1508 1244 1427 1107 1216 1121 
0.78 0.83 . 0.78 . 0.68 0.8·1 f
f
.67 
70 Yrs and Above 
Veg Nan-veg 
N=6 . N=8 
81.2 74.8 
128.7 131.0 













REGRESSION COEFFICIENTS OF PHYSICAL MEASUREMENTS AND NUTRIENT INTAKES 












Ca: P Ratio 
Food Plus Supplements 
Ca 1 c i um (mg) . 
Phosphorus (mg) 
Ca: P Ratie 
1ch�nge per decade. 
Regression.Coefficient�, t 
Vegetarians Non-vegetarians 
'(N=43) (N=36) . 
-0. 495
3 -0.087 



















' ., . _,, 
2Nene of the differences in the slepes of the regression lines 
between vegetarians and non-vegetarians were statistically significant, 
P>0.05. 
. 
3Sjgnificant a_t P<0.05; regression coefficients without super-
script� were not.significant (P>0.05). 
4significant at P<0.0005. 
5 N.= 23. 
The mean daily intakes of ca 1 ci um ( Veg = ·  1017 mg; Non-veg = 
784 mg) and of phosphorus (Veg= 1325 mg; Non-veg= 1114 mg) from 
food alone were-·si--gnificantly __ greater (P<0.05) in the Veg than in 
16 
the Non-veg group (Table 1). Of the 43 vegetarian subjects, 7 ingested 
calcium supplements ranging from 10 to 1732 mg per day with a mean 
value of 89.1-.mg. A phosphorus supplement of 905 mg per <day was 
ingested by 1 subject. Calcium supplements of 600 and 1350 per d�y 
were ingested by 2 of the 36 non-vegetarian subjects. One non­
vegetarian subject ingested a phosphorus supplement of 605 mg. The 
mean. intake from food plus supplements of calcium· (Veg = 1106 mg; 
Non-veg= 838 mg) did not differ significantly between groups (P>0.05). 
There was a significantly greater intake of food plus supplemental 
calcium (Veg= 1106 mg; Non-veg. = 838 mg) and food plus supplemental 
.. 
phosphorus (Veg = 1346 _"!9; Non-veg = 1131 mg) in the· Veg than in the 
Non-veg group. The calcium to phosphorus ratios from food (Veg= 
0. 74;· Non-veg = O. 70) and from food plus supplements (Veg = 0. 78; 
Non-veg = 0. 72) were not s i gni fi c�ntly di ffeirent between groups.· 
When adjusted for age (mean age of both groups 57.9.years), 
the differences in the intakes of phosphorus from food �nd from 
food pl us suppl. ements between Veg and Non-veg groups were stati s­
ti cal ly significant (Table 2}. There was also a statistically 
significant difference in the intakes of food calcium and food 
phosphorus between Veg and Non-veg groups when ·adjusted for age. 
Differences in the intakes of calcium from food plus supplements 
adjusted for age between groups approached significance (P<0.06). 
There was no statistically significant differencE Lin. tile food and 
food plus supplemental calcium to phosphorus ratio between Veg and 
Non-veg groups wlieri adjusted··"for age. 
Table 3 presents the calcium, phosphorus, and calcium to phos­
phorus ratios from food and from food· plus supplements in vegetarian 
and non-vegetarian subjects by age in decades ... There was a tendency 
for a decrease in the intakes of dietary calcium and phosphorus from 
food, and in the intake of food plus suppleme�tal calcium and phos­
phorus, but generally not in the calcium to p�osphorus ratios. There 
was also a tendency for greater intakes of dietary and dietary plus 
supplemental calcium and phosphorus in the Veg than �n the Non-veg 
group during each decade with the exception of those 70 years and 
above. The calcium to phosphorus ratios from food and from food plus 
supplements tended to be greater in the Veg than in �he Non-veg group 
during each decade except for the food plus supplemental calcium to 
phosphorus ratio during the fifth decade. 
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Table 4 presents the change in the food and food plus supple­
mental intakes of calcium, phosphorus, and their rat1os per decade as 
calculated by regression analyses. There were no significant relation-
ships between age and the intakes of calcium, phosphorus, or their 
ratio from food, or food plus supplemental calcium, phosphorus, or 
their ratie within the 2 groups�P,0.05) with the exception of the 
food plus supplemental intake of calcium and age in the Non-veg group 
(P<0.05). There were no significant differences in the decreases in 
nutrient intakes per decade between the Veg and Non-veg groups. 
The mean bone density of 0.68 g/crrf- of the radius in the vege­
tarian subjects did not differ significantly from that of 0.67 g/cm2 
in the non-vegetarian subjects {Table 1). B6ne densities of the 
ulna (Veg = 0.69 g/crrf.; Non-veg = 0.69 g/crrf.) and the finger (Veg = 
1.12 g/cc; Non-veg = 1. 18 g/cc) also were not significantly differ­
ent between groups. Due to instrumentation problems, bone density 
readings of the ulna were obtained on only 23 of the 43 vegetarian 
subjects. When adjusted for age, there were no significant differ­
ences in the bone densities of the radius, ·ulna, and finger between 
the Veg and Non-veg groups {Table 2). The values adjusted for age 
did not differ significantly from those unadjusted for age. 
The mean values indicate a decreas� in bone densities of the 
radius, ulna, and finger per decade in the Veg and Non-veg groups 
(Table 3). However, the data also indicate no differences in the 
decreases in bone densities with age between the 2 groups. 
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The change per decade in bone density of the radius {Veg = 
-0.061 g/cnf; Non-veg = -0.068 g/cm2) , of the ulna {Veg = -0. 075 g/cm2; 
Non-veg = -0. 052 g/cm2), ·and of the finger {Veg = -0.019 g/cc; Non-
veg = -0.113 g/cc) as calculated by regression analyses is presented 
in Table 4. There were significant negative correlations between age 
and bone densities of the radius and of the ulna {P<0.0001) in both 
groups. Bone density of the finger and age were also hi9hly corre­
lated in a negative direction in -the Veg (P<0.0001) and in the Non-
veg (P<0.0004) groups. There was no significant difference in the 
decrease in bone densities with age between groups as indicated 
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by the nonsignificant difference in the slopes of the regression 
lines. 
Table 5 presents the change in bone density of the radius 
(g/cnf) per unit change in height (inches) and weight (pounds). 
In both the Veg and Non-v�g groups, there were significant positive 
correlations between bone density and height and also between bone 
density and weight. When adjusted for age, ·bone der:1sity of the 
radius was not significantly related to height or weight tn either 
group. There were no statistically significant differences in the 
slopes of the regression lines for bone density of the radius and 
I 
heigh� or weight between the Veg and Non-veg groups. 
The change in bone density of the radius (g/cm2) per unit 
change in the intakes of calcium, phosphorus and their ratios from 
food and food plus supplements unadjusted and adjusted for the 
influence of age are also presented in Table 5. In the Veg group, · 
bone density of the radius was not significantly related to the 
intakes of calcium from food, the calcium to phosphorus ratio from 
food, or the intakes of food plus supplemental calcium, food plus 
supplemental phosphorus or their ratio. Bone density of the radius 
was positively related to the intake of phosphorus from food (P<0.05). 
There was a significant positive relationship between bone density 
of the radius and the intakes of calcium and phosphorus from food in 
the Non-veg grollp (P<0.05). The relationships between bone density 
of the .radius and the intakes of food pl us supp 1 ementa 1 ca lei um and 
phosphorus and their ratio were also significant in the Non•veg group 
(P<O.OS). There were no statistically significant differences in the 
I. .. 
•'. ,� ·. : -: 
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TABLE 5 
REGRESSION AND PARTIAL REGRESSION COEFFICIENTS OF BONE DENSITY OF RADIUS (g/cm2) ON HEIGHT, 
WEIGHT,· AND- NUTRIENT INTAKES· IN··VEGETARIAN-'AND-NON ... VEGETARIAN' SUBJECTS 
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sl opes of the regression l i nes for bone density of the radius and 
dietary cal ci um ,  phosphorus , and the cal ci um to phosphorus rati o ,  or 
dietary pl us supplemental phosphorus between Veg and Non-veg subjects 
(P>0 . 05 ) . The di fference in  the sl opes of the regression l ines for 
food pl us suppl emen.tal cal ci um and the food pl us supplemental cal ci um 
to phosphorus ratio between Veg and Non-veg groups was stati stical l y  
si gni ficant (P<0 . 05 ) . 
When adjusted for the infl uence of age on bone density , there 
I •  ' 
was no si gni fi cant rel ati onshi p between bone dens i ty of the radi us 
and food or food pl.us suppl emental cal ci um ,  phosphorus , and their 
ratios in both groups (P>0 . 05 ) . However ,  the correl ation between 
2 1  
bone densi ty of the rad ius and dietary cal ci um in· the Non-veg subjects 
approached si gni ficance ( P<0 . 06 ) . There was no di fference in the 
sl opes of the regression l ines for food and food pl us suppl emental 
calc ium ,  phosphorus , .and their ratio between the 2 groups . 
CHAPTER V 
DI SCUSS ION 
The mean heights of 63.5 inches for both the vegetarian and 
non-vegetarian subjects ( hereafter designat�d Veg and Non-veg , res­
pectivel y) were l ess than that of the RDA reference woman , i.e. , 65 
inches ( 42). The mean weights of 1 38 pounds for the Veg and 1 42 pounds 
for the Non-veg groups exceeded that of 1 28 pounds for the RDA refer-
• I 
ence woman ( 42) but cl osel y corresponded to that reported by Hardinge 
and Stire · { 39) for vege�ar1an and non-vegetarian subjects. In the 
I 
present study , the differences in height and in weight between the 
Veg and Non-veg groups were not statistical l y significant , adjusted or 
unadjusted for age (P>0.05). El l is et al . ( 36) and Hardinge and Stare 
( 39) reported a tendency for vegans to be smal l er in height and weight 
than non-vegetarians . There was a significant decrease in height with 
age but not weight with age in both groups of subjects in the present 
study , · but the differences in the regression coefficients were not 
significant between groups. 
The mean intake of cal cium from food and from food pl us supple­
ments in the Veg group surpassed the RDA of 800 mg { 42). This find- · 
ing agrees with the report of Hardinge and Stare ( 39) , and that of 
Mirone (43) ,  but not with that by Brown and Bergen { 34). Al though the 
percent of cal cium from milk  and cheese was not determined in the present . 
study , Hardinge and Stare ( 39) reported a greater consumption of mil k  
and cheese in vegetarian than in non-vegetarian subjects. In the Non-veg 
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group of the present study, the mean i ntake of cal ci um exceeded the 
RDA onl y  when calc i um suppl ements were i ngested . Justi ce et al . ( 54 )  
. . 
reported that i n  i nsti tuti onal i zed women 64 years and ol der, the mean 
23 
cal ci um i ntake from the diet wi thout supplements di d not meet the RDA . 
Mason et al . ( 6 )  reported about 63 percent of the femal es rangi ng i n  
age from 3 to 90 years exceeded the RDA for cal ci um. As i s  commonl y 
reported, the phosphorus i ntakes from food and from food pl us suppl e­
ments i n  both groups of the present study exceeded the RDA ( 39, 43) . 
The resul ts i ndi cated a decrease i n  food and food pl us supplemental 
cal ci um and phosphorus wi th age al though the tendency was not si gni fi ­
cant . 
Hardi nge and Stare ( 39 )  reported greater i ntakes of cal ci um and 
phosphorus i n  vegetar ian than i n  non-vegetar i an subjects . Thi s  i s  i n  
agreement wi th fi ndi ngs of the present study i n  which the Veg group 
general l y  consumed si gni fi cantl y greater amounts of cal ci um and phos·phorus 
from food and from food pl us suppl ements than the Non-veg group, unad­
justed for age . There were al so si gni fi cantl y greater i ntakes of food 
cal ci um and food phosphorus adjusted for age, , and food pl us suppl emental 
phosphorus adjusted for age ( P<0 . 05 ) . The di fference i n  the food pl us 
suppl emental cal ci um between the Veg and Non- veg groups was si gni fi -
cant at the P<0 . 06 level . 
The calci um to phosphorus rati os of 0 . 74 from food and 0 . 78 from 
food pl us suppl ements i n  the Veg group were not si gni ficantl y di fferent 
from the rati os of 0 . 70 from food and 0 . 72 from food pl us suppl ements 
i n  the Non-veg group . Cal ci um to phosphorus rati os of 0 . 89 ( 39 ) , · a . so 
( 34 ) ,  and 0 . 78 (43 )  for vegetari ans and 0 . 63 ( 39 )  for non- vegetari ans 
were calculated from the intakes reported in previous studies (39). 
Calcium to phosphorus ratios from food an� from food plus supplements 
for Veg and Non-veg groups ·exceeded that of the 0.36 calcium to phos­
phorus ratio cited by Henrikson (44) for the average American diet. 
The results from the present study support the well documented 
phenomenon of the loss. of bone with age (1 , 2 ,  7). Odland et al. (3) 
reported a loss of bone density of the finger after age 50 years. 
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Their mean bone density values of the finger by age in decades made 
using the same instrument as 1 of those employed in the present study 
are lower than those obtained for both the Veg and Non-veg groups in 
the present study. However , the rate of loss which can be calculated 
from their cross-sectional data closely corresponded to the loss of 
bone density of the finger (0 . 119 .g/cc per decade) in the Veg group and 
in the Non-veg group (0.113 g/cc per decade). 
In the present study there was no significant difference in the 
bone density measurements between the Veg and Non-veg groups , ·.adjusted 
or unadjusted for age. Ellis et al. (45) , - however , reported a signif­
icantly greater bone density in vegetarians than in omnivores. In the 
present . study , there were no significant differences in the change in 
bone densities with age between the Veg and Non-veg groups. 
In both the Veg and Non-veg groups , there was a significant 
negative correlation between bone density of the radius and height and 
also between bone density of the radius and weight. However , · when adjusted 
for the influence of age--, these correlati ons were not stati stically 
significant. Garn et al. (2) reported a lower rate of age associated 
bone loss in· tall subjects than in those of small or medium stature. 
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In the present study , there was also no significant differe.nce in 
the slopes of the regression lines of bone density on height and bone 
density on weight between Veg . and Non-veg groups unadjusted and adjusted 
far age. 
A signi fi cant positive relationship �etween the intakes of 
calci um from both food and food plus supplements and bone density 
of the radius was obtained in the Non-veg group of the present study. 
Thi s agrees with findings by some investigators ( 1 1 , 55, 56). , but not 
with those of others ( 1 5, 54, 57). In the present study, both bone 
density and calcium intake decreased with age ( although the decrease 
in calcium with age was not statistically significant) so that when the 
effect of age was removed, there was no significant relationship between 
food and food · plus supplemental calcium and bone density in both the 
Veg and Non-veg groups. There was a significant relationshi p between 
the intake of phosphorus from food and bone density in both the Veg 
and Non-veg group unadjusted for age but not when adjusted for age. 
However, in animals, it has been shown that phosphate supplementation 
resulted in resorption of bone ( 1 6, 1 8). 
Several investigations with experimental animals have shown that 
a low calcium to phosphorus ratio in the diet ( less than 2 ; 1 ), regard­
less of how achieved, · results in a pronounced loss of bone via a para­
thyroi d-hormone mediated mechanism ( 22, 23, 24, 25). It has also been 
suggested that a high phosphorus diet resulting in a low calcium to 
phosphorus ratio may contri bute to bone resorption in man (58). A 
calcium to phosphorus ratio of about 1 : 3 in the average American 
diet has been cited · by Krook (27) as a factor in the occurrence of 
• 
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peri odontal di sease whi ch he proposed to be an i ni ti al mani festati on · of . 
generalized osteoporosi s o  In the present study, a si gni fi cant pos iti ve 
relati onshi p between the calci um to phosphorus rati o  i n  the di et and 
bone densi ty of the radi us was obtai ned only in  the food plus supple­
mental calci um to phosphorus rati o unadjusted for age i n  the Non-veg 
group. The mean calci um to phosphorus rati os from food and food plus 
supplements i n  both the Veg and Non-veg groups (rangi ng from 0.70 to 
0.78) were greater than those c ited by Krook (27). It appears that a 
calci um to phosphorus rati o of less than 0.70 i s  necessary to i nduce 
bone loss, i f  i ndeed the di etary calci um to phosphorus r�ti o has any 
si gn ifi cant effect on the loss of bone. Levels of serum phosphorus 
and calci um are i nversely related only when the saturati on poi nt i s  
reached. Si nce the serum normally is  not saturated, i t  i s  possi ble that 
a di etary phosphorus level hi gh enough to cause saturati on was not 
obtained i n  the present study and therefore, the phosphorus i ntake, 
though greater than the i ntake of calci um, was not' suffi c ient to 
cause hypocalcemia  and thus parathyroi d-hormone medi ated bone l oss. 
Although the nutri ent i ntakes of calci um and phosphorus from 
food, and ca 1 ci um , p.hosphorus , and their ratio from food p 1 us supp 1 e­
ments were generally related to bone density of the radi us in the Non­
veg group, this  was not true i n  the Veg group. However, · there was no 
si gni fi cant di fference between the regressi on coeffi ci ents of bone 
densi ty of the radi us on most nutri ent intakes between the Veg and 
Non-veg groups. When adjusted for age, there was no si gni f icant 
di fference between bone densi ty of the rad ius and the i ntakes of 
calc ium and phosphorus and thei � rati o from food and from food plus 
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s upplements ; n  the Veg and Non-veg groups. 
Under the conditions of this study, the results indicate that 
the single most important factor influencing bone density of humans is 
age and that other factors such as the intake of calcium and phosphorus, 
or their ratio are relatively unrelated to bone loss. It also appeared 
that there is no difference in the rate of bone loss with age between 
. -
vegetarians and non-vegetarians. Since the intake of calcium and 
phosphorus tended to decrease with age and bone density was also 
negatively related to age, a low calcium or phosphorus intake may 
occur with a low bone density in the elderly but not necessarily be 
causally related to a low bone density. The data indicate that bone 
1 oss is a phenomenon primarily associated with the aging prqcess . 
. . 
CHAPTER VI  
SUMMARY 
The influence of age and the dietary intakes ef calcium and 
ph0sphorus and their ratio on the bone density of vegetarians and 
non-vegetarian subjects were investigated. 
The mean age of 57.l years in the Veg group was not significantly 
different from that of 58.8 years in the Non-veg group (P>0.05). There 
was no significant difference in weight (Veg= 137.7 lb; N0n-veg = 
141.6 lb) and in height (Veg= 63.5 in; N0n-veg = 63.5 in) between 
groups (P>0.05). Mean values for height and weight were not statisti-
cally different between the two groups when adjusted for the mean age 
of both groups ' (57.89 years). There was a significant decrease in 
height . with age but not weight with age in the Veg and Non-veg greups. 
Differences in  the decreased height with age and the decreased weight 
with age between the Veg and Non-veg groups were not statistically 
significant. 
The mean calcium intake from food (1017 mg) and from f0od plus 
supplements (1106 mg) in the Ve� group surpassed the RDA. The RDA for 
calcium was als0 met fr0m food plus supplements ( 838 mg )  but �ot from 
f00d alone (784 mg) in the Non-veg group. The phosphorus intakes fr0m 
food and from food plus supplements in both groups were greater than 
the RDA. There was a negative but not significant correlation between 
· ,  
calcium and phosphorus intakes and age in both groups (P>ID.05). · The 
Veg group generally consumed si gni fi cantly greater amounts of calcium 
and phosphorus from food alone and from food plus supplements than did 
28  
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the Non-veg group, unadjusted and adjusted for age . The calcium to 
phosphorus ratios from food (Veg= O c 74; Non-veg= 0 . 70) and from food 
plus supplements (Veg = 0. 78; Non-veg= 0 . 72) unadjusted and adjusted 
for age were not significantly different between groups. No signifi­
cant relationship between the calcium to phosphorus ratio and age in 
both groups was obtained .  
There was no significant difference in the mean bone density 
measurements of the radius, ·ulna, and finger between the Veg and Non­
veg groups unadjusted and adjusted for the mean age of both groups . 
A highly significant negative correlation between bone densities of 
the radius, ulna, · and finger and age was obtained (P<0 . 0005) . There 
was no significant differenc� in the slopes of the regression lines of 
bone density of the radius on age between Veg and Non-veg groups . 
In both the Veg and Non-veg groups, · there was a significant 
positive correlation between bone density of the radius and height, and 
also between bone density of the radius and weight . However, when 
adjusted for age, these correl ations were not statistically significant. 
There were also no significant differences in the slopes of the regres­
sion lines of bone density on height and bone density on weight between 
Veg and Non-veg groups unadjusted and adjusted for age . 
In the Veg group, · the phosphorus intake from food alone was 
positively related to bone density of the radius . Regression coeffi­
cients on other nutrient intakes w�re nonsignificant in the Veg group. 
In the Non-veg group, ·there was a significant positive relationship 
between bone density and the intakes of calcium and phosphorus from 
food and also the intakes qf calcium, phosphorus, and their ratio 
from food plus supplements. When adjusted ·for the influeryce of age, 
however , there was no significant correlation between bone density 
of the radius and each of the nutrient intakes of both groups. The 
slopes of the regression lines for bone density on the calcium 
intake and the calcium to phosphorus ratio from food plus supplements 
were significantly different between groups. There were no signifi­
cant differences between any of the regression li nes of bone density 
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APPEND I X 
UNIVERSITY OF TENNESSEE - KNOXVILLE 
TENNESSEE AGRICULTURAL EXPERIMENT STATION 
Proje�t Consent Form · 
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I agree, . as i ndi cated by my s i gn·ature bel ow, that : 
( 1 )  · I woul d l i ke to parti ci pate in  the Nutri tion and Bone Dens i ty 
Project approved and admi ni stered by the profes s i onal staff 
( 2 )  
( 3 ) 
( 4 ) 
( 5 )  
( 6 )  
o f  the Tennessee Agri cul tural Experi ment Stati on and the Col l ege 
of Home Economi cs, Uni vers i ty of Tennessee, Knoxvi l l e ;  
I understand that thi s  project has been judged by the profes­
i onal staff as not l i kely to be harmful to the parti ci pants 
i nvol ved or an i nappropri ate or unecessary invas i on of the 
pri vacy of the fami l i es ; 
I understand that parti ci pation i n  thi s  program i s  not l i kely 
to harm me and that no speci fi c benefi ts or effects as guar­
anteed other .than i nformation from the as ses sment of my bone 
dens i ty and n;utri ent i ntake ; 
It i s  my understanding that each aspect of the project in  whi ch 
I am as ked to1 parti ci pate wi l l  be expl a ined to me and that I 
may wi thdraw from parti cipation at . any ti me i f  i nvol vement i s  
unacceptable  to me ; 
Al l res ul ts wi l l  be treated wi th stri ct confi dence, al l i ndi vid­
ual s w i l l  remain anonymous in  reporti ng any res u l ts, and al l 
res ul ts wi l l  be handled i n  a profes s i onal manner ;  
The Uni vers i ty of Tennes see, i ts agents and empl oyees, are 
rel eased from any l i abi l i ty res ul t ing from s uch parti ci pati on, 
i rrespecti ve of cause or effect . 
By my s i gnature, I i ndi cate that the research has been expl a ined to me in  
detai l and that I understand that any further questi ons that I may have 
about the project wi l l  be answered for me by the project di rector or some 





Si gned : 
Wi tnes s :  
-----------
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AFTER EVENING MEAL 
SUPPLEMENTS : VITAMIN 
DAY OF WEEK 
--------
FOOD KIND " & STATE AMOUNT 








B IRTH DATE 
----------
VEGETARIAN NON-VEGETARIAN "NUMBER OF YEARS 
---- ----- ---
IF VEGETARIAN, DO YOU USE EGGS __ , DAIRY PRODUCTS , FISH __ _ 
SINGLE MARRIED NUMBER OF CHILDREN 
----
ANY BROKEN BONES AT WHAT AGE 
----------
MED IC A TIO N 
-----------------------
MEALS EATEN PER DAY : BREAKFAST LUNCH SUPPER OTHER -- --- ---
IF 110THER 1 1 ' EXPLAIN 
--------------------
FOODS WELL LIKED AND EATEN OFTEN : 
FOODS DISLIKED AND AVOIDED : 
FOOD GROUPS - FREQUENCY OF SERV INGS 
1 ,  Bread and Cereals 
Bread : Whole gra in  Enri ched 
------ ---------
Cereals : Cooked ready-to-serve rice 
---- ------ ----
Number of servi ngs per day 
----------------
0th er : Pastas (macaroni ; etc.) ___ - pancakes, waffles, doughnuts , 
sweet rolls 
------
Number of servi ngs per week 
-------
2. M ilk and dairy products 
Mi lk :  whole 2% ski m  buttermi lk --- ------
e vapor ate d dry non-fat ( recons t: ) 
---
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Amount' per day : 3 or more cups 2-3 cups 
---- ------
0-2 cups ·. none 
--------- ---------
Cheese : cottage cream cheddar type 
--- --- -------
Number of servi ngs per . week 
-----------
Other : yogurt ice cream ice mi lk 
------ ---- -----
Number of servi ngs per week __________ _ 
3. Fruits and Vegetables 





Other jui ces : apple cranberry grape .pi neapple 
-- -- -- ---
prune ___ _ 
Number of servings per day 
-----
Other frui ts :  apples apri cots bananas berries -- -- -- ---
grapes pears peaches 
--- --- ---
Number of servi ngs per week 
----------
Vegetables : potato (wh i te)�- tomato, raw ___ tomato, . canned ___ 
green leafy, raw green leafy, cooked green, 
-- ---
non-leafy, raw green, non-leafy, cooked deep 
yellow, raw deep yellow, cooked · other 
--- --- -----
Servi ngs per day 
-----------
4 .  Meat and Meat Alternates 
Meat : beef veal lamb 
poultry luncheon meats 
Number servi ngs per day 




nuts peanuts peanut butter 
1 i ver fi sh 
lenti ls 
meat a�alogs 
Number of servi ngs per day 
------
5 .  Miscel l aneous 
Fats and oi l s  butter or margarine cook ies 
-- --- ----
cake mol asses syrup candy coffee 
--
tea cocoa soft dri nks al coho l tobacco 
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----
Frequency of use 
----------
UNIVERSITY OF TENNESSEE 
NUTRITION RESEARCH 
INSTRUCTION SHEET FOR RECORDING FOOD INTAKE 
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We would li ke a record of what you eat for days . 
---
. . 
Please read carefull y the i nstructi ons bel ow before you start to l i st 
the foods you have eaten . 
Please record foods and snacks as they are eaten rather than tryi ng to 
do a recall at . the end of the day . If you need more space , use the back. 
of th i s  sheet . 
1 .  WRITE DOWN EVERYTHING THAT YOU EAT 
If YQU mi ss  a meal , wri te " nothi ng" i n  the space for that meal . 
- 2 .  BE SURE TO WRITE DOWN THE KIND OF FOOD YOU EAT ( KIND) 
Exampl e :  Cereal - Oatmeal , shredded wheat , conrflakes � etc . 
Bread - Who le  wheat , wh i te ,  rye ; al so corrmerc ia l or homemade 
Meat - Roast beef, hamburger , veal steak , pork chops , etc . 
Salad - Head lettuce , canned frui t ,  tuna , cottage cheese , etc . 
Mi l k  - Whol e , . 2% , sk i m , canned , . etc . 
3. DESCRIBE SPECIFICALLY HOW EACH FOOD IS PREPARED ( STATE ) 
Example : Egg 
Meat 
Frui ts and vegetables 
Vegetables 
- fried ,  boi l ed ,  scramb led ,  · etc . 
- broi led , breaded , . fr ied ,  baked , etc . 
- fresh , frozen or canned 
- creamed , buttered , mas hed , baked , 
etc . 
If food i s  not cooked , but eaten raw , wri te 1 1 RAW 11 
4. WHEN DIFFERENT FOODS ARE COMBINED WRITE DOWN EACH FOOD INCLUDED AND 
THE AMOUNT OF EACH FOOD 





french dress i ng 
1 leaf 
1 s l i ce 
2 sl i ces 
1 tablespoon 
Chee$e_ Sandwich 
bread 2 s 1i ces 
cheddar cheese 1 sli ce 
lettuce 1 l eaf 
mayonnai se 2 teaspoons 
5 .  WHEN YOU EAT OTHER COMBINATION FOODS , SUCH AS CASSEROLE DISHES , SOUPS , 
STEWS , PUDDINGS , ETC . , WRITE DOWN THE INGREDIENTS IF HOMEMADE OR 
SIMPLY THE BRAND NAME IF A CONVENIENCE OR STORE-BOUGHT ITEM IS USED . 
Example : Soup - Campbell ' s  Tomato 
6. WRITE DOWN THE . AMOUNT OF EACH FOOD YOU EAT. Use a standard · 
measuring cup, teaspoon or tablespoon, and a· ruler to "measure" 
your · food. Write down how many level teaspoons (t), tablespoons 
(T) you eat or whether you eat 1/2 or 1/3 or l cup, etc. Write 
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down the number of slices or pieces. For Example: . pineapple, 
canned, l slice or apple, raw, l whole. Do not write down " glasses, " 
1 1 bowls ; 11 or "plates" - for any foods such as milk, soup, vegetables, 
etc. Use the utensils provided to determine the amount. 
Example: Soup - Campbell ' s  Tomato l cup 
The ruler should be used for foods that can not be measured with a 
measuring cup, teaspoon or tablespoon. Some exafl1)1es are cake, · 
meat, pancakes, pies, etc. For foods with a round shape such as 
rolls, pancakes, meat patties, cupcakes, etc., the diameter and 
thickness should be measured. For all other shapes, length, width 
and thickness should be measured. 




- l-8 1 1  diameter, 1/4 1/4 thick 
iced, l piece, 2 1 1  x 3 1 1  x l 1 1  
1 s 1 i ce , 4 1 1 x 3 1 1  x 1 / 4 1 1  
give measurements in inches, or tell 
it is a l /4th or l /8th etc. of a 8 1 1 , 
(diameter of whole pie) 
whether 9 1 1  pie 
7. BE SURE TO WRITE DOWN THE FOODS YOU ADD TO OTHER FOODS AND THE AMOUNT 
SUCH . AS THE SUGAR, CREAM, OR BUTTER YOU USE. 
Example: the amount of sugar or cream used on cereal, . fruit or in 
tea and coffee 
the amount of butter on vegetables or bread 
the amount of jelly on toast or syrup on pancakes 
Remember to record in level teaspoons or tablespoons; then if you 











butter on peas 
milk 
cake 
K IND AND STATE 
oatmeal 
- - - -
h aJ f and ha l f 





- - - -
whole 






1, 6 1 1  di am. 
l large 
4"  X 2 11 X l 1 1  
3/4 ·cup 
l /2 'CUP 
1/2 teaspoon 
l cup 
2 1 1  X 2 1 1  X l 1 1 
1/4 1 1  thick 
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8 .  LIST AMOUNT AND BRAND OF ANY VITAMIN/MINERAL SUPPLE�ENTS YOU TAKE. 
9. IF YOU HAVE QUESTIONS, PLEASE 00 NQT . H.ESITATE TO CALL MRS . MASON OR 
DR . BEAUCHENE AT 974-3491. 
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